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Satisfactory  methods  for  the  demonstration  of  cytolytic  or 
cytotoxic substances of  an  antibody character, other than hemoly- 
sins, have not been perfected, and our knowledge of the mechanism 
of their action is consequently limited.  In fact, the question as to 
whether we may induce in animals the formation of specific immune 
bodies for the cells of the various organs of alien species is, in spite 
of  much careful  investigation by a  number of  workers, generally 
regarded as unsettled.  The cause of this uncertainty lies obviously 
in the lack of a  suitable technique for pursuing the problem.  The 
majority of the investigators have based their conclusions on gross 
and  histological  studies  of  the  organs  of  animals  previously  in- 
jected  with  serum  containing  the  hypothetical  specific  cytotoxin. 
Metchnikoff,  Landsteiner,  Delezenne,  Bierry,  Pearce,  Beebe,  and 
others  have published reports  of  such  investigations,  dealing par- 
ticularly with the  question of specific  cytotoxins  for  spermatozoa, 
leucocytes, nervous  tissue,  and  the  cells of  the kidney, liver,  pan- 
creas,  and  thyroid.  There  is  a  striking  absence  of  unanimity  in 
the findings concerning specific  antibodies  for organ tissues,  which 
is  hardly  surprising  in  view of  the  difficulties  encountered in  the 
interpretation of what is often a complex anatomical picture, where 
the  sequence  of  pathological  changes  can  be  stated  only  as  a 
probability. 
In  a  study  of  the  cytolysins  of  cobra  venom,  Flexner  and 
Noguchi  1 were able to demonstrate lyric and agglutinative proper- 
ties in vitro by subjecting emulsions of cells of different organs to 
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the  action  of  the  poison.  This  technique  has  been  applied  by  a 
number of investigators  in the study of cytolysins and  cell  agglu- 
tinins  in  immune  sera,  but  in  most  instances  without  conclusive 
results.  Von Dungern,  2 however, demonstrated in vitro an epithe- 
liolysin in the serum of guinea pigs treated with injections of ciliated 
epithelium  from  the  trachea  of  cattle,  and  Metchnikoff  3  showed 
similarly  the  existence  of  a  spermatoxin  in  the  serum  of  guinea 
pigs  following injections  of  rabbit  testicle.  Agglutinins  of  ques- 
tionable  specificity  for various  somatic  cells  have  been  frequently 
observed,  and  their  presence  is  interpreted  by  some  workers  as 
indicative of a  cytotoxic action.  On  this  point,  however,  Pearce  4 
says  in  a  recent  paper,  "Although  such  substances  [agglutinins 
and  precipitins]  may be present,  they do not,  if  we are  to  follow 
the  rules  of  bacterial  immunization,  indicate  cytotoxic  activity, 
any more  than  a  fluid  agglutinating  the  typhoid  bacillus  is  to  be 
considered as bactericidal." 
For  the  satisfactory  demonstration  and  study  of  cytotoxins in 
vitro, then, a  procedure is necessary which will admit of the direct 
observation  of  cells  in  an uninjured state  for  a  definite period  of 
time.  That  is,  conditions should be such that  the result of an in- 
jury to  the cells,  though  insufficient to  occasion their  rapid  death 
or solution, may be made manifes¢.  Furthermore, it is conceivable 
that lyric properties might be exhibited against dying or dead cells, 
such  as,  for example, is  seen in  an emulsion of liver tissue,  while 
actively  functionating cells  would be  much  more  resistant  to  the 
same destructive agencies.  The technique of  Harrison, 5 as  modi- 
fied by  Burrows,  6  for the  cultivation  of  tissues  outside  the  body, 
affording as it does an opportunity for the continuous observation 
of living cells in a culture medium capable of modification in regard 
to  its  antibody  content,  would  seem  theoretically to  meet  all  the 
requirements for  an exact method  for the study of the  action of 
cytotoxins. 
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A wide application of the technique in this direction is, however, 
obviously dependent on the possibility of  cultivating in  vitro  the 
cells of the different organs of the body.  It is true that thus far not 
all of  the tissues of warm-blooded animals have been grown suc- 
cessfully in  artificial  surroundings.  That  is,  while growths have 
been obtained from practically every organ,  in  some cases  it  was 
apparent  that the specialized cells  of  the organ were  neither sur- 
viving nor growing. 
Burrows  7 in his  studies with chick embryos could easily  distin- 
guish growths of skin epithelium from those of mesenchymatous tis- 
sues.  Moreover,  he  was  able  to  study the  development of  nerve 
fibers just as Harrison had done in frog embryos. 
Carrel and Burrows  8 described cultures of spleen, thyroid, kidney, 
peritoneum, bone, and cartilage, using chiefly the tissues of young 
dogs and cats.  In a  majority of the preparations,  the cells were 
apparently  of  connective tissue  origin.  In a  small percentage of 
the cultures of thyroid and kidney, however, they observed groups 
of cells whose arrangement and morphology left little doubt as to 
their  epithelial  character.  In  a  previous  publication,  9  we  called 
attention to the characteristic alveolar and sheet-like extensions of 
the cells in cultures of mouse carcinoma, in striking contrast to the 
independent  or  string-like  radial  growth  of  sarcomatous  tissue. 
The  type of  growth in  carcinoma cultures  resembles very  closely 
that  described by  Harrison  for  the  squamous epithelium of  frog 
embryos, and by Burrows  for  the skin of chick embryos. 
It  is  seen,  then,  that  from warm-blooded animals,  nerve  fibers, 
connective  tissue,  squamous  epithelium,  the  cells  of  malignant 
growths of both types,  and  to  a  lesser  extent the cells  of  certain 
secreting glands  (thyroid and kidney) have been cultivated outside 
the body. 1°  With the exception of the studies of Harrison  11  and 
TBurrows,  Jour.  Exper.  Zool.,  1911, x, 63. 
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Burrows  1~ on the development of nerve fibers in cultures of frog and 
chick embryos, no great effort has been made to cultivate the higher 
and  actively  functionating tissues.  A  sufficient variety of tissues 
has been cultivated, however, to show that the field is open for the 
studies that we have suggested. 
The  experimental  work  reported  in  the  present  paper  is  con- 
cerned with a  study of the suitability of plasma  from guinea pigs 
and  rats,  immunized  against  certain  mouse  and  rat  tissues,  as 
culture  media  for  rat  and  mouse  sarcomata.  These  transplant- 
able  tumors  were  selected  for  cultivation  because  the  uniformly 
satisfactory growths obtainable  rendered comparative studies easy. 
The  choice  of  species  for  immunization  was  determined  by  the 
results,  recorded elsewhere,  1~  in the use of different kinds  of alien 
plasma as culture media for mouse and rat tissues.  It was  found 
that, of  the  alien  media  employed,  plasma  from  rats  and  guinea 
pigs gave the best growths of mouse sarcoma, and,  similarly,  that 
the  best  growths  of rat  sarcoma  were  obtained  in  the  plasma  of 
mice and guinea pigs. 
The results of the studies with each species used  for immuniza- 
tion  will be  recorded and discussed separately. 
CULTIVATION  OF  MOUSE  SARCOMA  IN  PLASMA  FROM 
IMMUNE  RATS. 
The rats were immunized by means of injections of a  "brei" of 
mouse sarcoma,  made by mincing with  sharp  scissors  the  non-ne- 
crotic portions of fairly young tumors.  Injections were made sub- 
cutaneously with a  Bashford needle.  In the following protocol an 
experiment is  described in  some detail. 
Experiment RM/rA.--A  rat  weighing  IiO gm.  received  a  subcutaneous  injec- 
tion of o.2 gin. of mouse sarcoma.  The injection was  repeated  twelve days  later. 
of the epithelial covering.  Testicular epithelium survived but did not proliferate. 
Kidney tubules  showed more or less active regeneration. 
Lewis  and  Lewis  (Anat.  Rec.,  1911,  v,  277)  describe  cultures  of  various 
tissues  of  chick  embryos  in  salt  solutions.  Nerve  fibers  and  intestinal mesothe- 
lium  presented  characteristic types  of  growth. 
Harrison,  loe.  dt. 
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~3Lambert and H~nes, Jour. Exper.  Med.,  1911,  xiv,  129. Robert  A.  Lambert  and  Frederic  M.  Hanes.  457 
Thirteen days after the last injection,  plasma was obtained  by bleeding  from the 
carotid according  to technique  described  elsewhere, 1' and fifteen culture prepara- 
tions of mouse sarcoma were made.  A mouse with tumor was kept under ether 
during  this  and  the  succeeding  control  experiment,  and  pieces  of  tissue  were 
excised  as needed.  In order to avoid chilling  and  drying of the cells, not more 
than four cultures  were made from each excised  piece of tumor.  The incubated 
cultures  were  examined  daily.  On the  first  and  second  days,  the bits  of tissue 
remained quite  inactive  with  marked disintegration  in  some of the preparations. 
After three days there was noted in several a wandering out of a few irregularly 
shaped  cells.  No  further  activity  occurred. 
Experiment  RM/IB.--(Control.)  Plasma  was  obtained  from  a  90  gm.  rat 
by bleeding  from the carotid,  and  fifteen  cultures  of mouse sarcoma were pre- 
pared,  the  same tumor being  used  as  in  the previous experiment.  Examination 
after  twenty-four  hours  showed  an  active  migration  of  large  spindle  and 
polygonal cells.  Ring formations with an extension  of cells along the cover glass 
were noted.  There  was  progressive growth  during  the  three  succeeding  days. 
A  few of the cultures  contained  active  looking cells on the eighth  day of incu- 
bation. 
This  experiment  indicates  that  in  rats  treated  with  a  suitable 
quantity of mouse sarcoma, there is induced a  reaction such that the 
blood  plasma  is  no  longer  a  favorable medium  for  the  cultivation 
of the alien tissue.  In fact, a  majority of the cells in such cultures 
appear to survive only a  short time.  It seems probable that the  few 
cells which  were  seen wandering  out  after  several  days  were  those 
which escaped the action of the immune bodies.  When it is remem- 
bered  that  a  culture  is  composed  of  a  relatively  large  mass  of 
tissue  (0. 5  to  I  millimeter in  diameter)  in  a  coagulum  only  ten  to 
twenty times as great, this is plainly not an unwarranted assumption. 
Further  studies  were  made  with  five  immune  rats  with  results 
that  did  not  differ  materially  from  those  just  recorded.  In  each 
case a  normal animal was bled as a  control,  and  at least ten culture 
preparations were made  from each kind  of plasma.  In two experi- 
ments  the  cultures  in  immune  plasma  remained  entirely  inactive. 
One of the animals used received a  single injection of 0. 3  of a  gram 
of mouse sarcoma. 
It  is  interesting  to  correlate  these  findings  with  the  facts  that 
have been established  in  regard  to the  behavior of grafts of mouse 
tumors  in normal and  in  immune  rats.  Mouse  sarcoma  inoculated 
into  normal  rats  grows  actively for eight  to  ten  days,  producing  a 
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nodule  which  is  afterwards  rapidly  absorbed.  In  rats  previously 
immunized,  no  tumor  nodules  are  formed.  Careful  studies  by 
Russell, 15  with  a  mouse  carcinoma,  revealed the  fact  that  in  im- 
mune rats  the cells survive only a  short  time,  disintegration being 
well marked at  the end of the  third  day.  He  suggested that  the 
histological  picture  indicated  a  cytotoxic  action.  Bashford  and 
Russell 16  later emphasized the contrast between the  fate of grafts 
of  mouse carcinoma in  immune rats,  to  which reference has  just 
been made, and the result of similar inoculations in mice artificially 
immunized by injections of normal mouse tissues.  That is,  stated 
generally,  with  the  same  immunizing tissue  injections,  there  is  a 
striking difference between the character of the immunity induced 
in a  foreign though closely related species, and the immune reaction 
(designated "induced resistance to tumor growth")  brought about 
by  homologous  tissue  injections.  In  the  latter  case,  the  cells  in 
grafts,  instead  of  suffering an  early  death,  survive  and  multiply 
slowly  for eight  or  nine days,  a  fact which points  to  the absence 
of any specific cytotoxic action.  Our findings  1~ in connection with 
the cultivation of  rat  sarcoma  in  plasma  from rats  exhibiting the 
different types  of  immunity to  tumor  growth  are,  as  we pointed 
out before, in accord with these facts in that  they show that  such 
plasma  is in no degree toxic  for sarcoma cells. 
It is seen, then, that investigations of the two types of immunity 
by in vivo and in vitro methods have given results which are mutu- 
ally corroborative. 
CULTIVATION OF RAT  SARCOMA  IN  PLASMA  FROM  GUINEA 
PIGS  TREATED  WITH  RAT  TISSUES. 
Cultures  of rat  sarcoma in  normal guinea pig  plasma give uni- 
formly good growths.  As a  rule, at the end of twenty-four hours 
there is  a  diffuse radial  extension of cells either of a  long spindle 
type, or irregularly shaped cells presenting several processes.  There 
is a slow progressive growth of from four to six days--occasionally 
1~ Russell, Scientific Reports  of the Imperial  Cancer Research Fund,  19o8, No. 
3,  341. 
1~ Bashford  and  Russell,  Lancet,  191o,  i,  782. 
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of  from  ten to  twelve  days.  Since  guinea pigs  easily  withstand 
bleeding, it is possible to test the suitability of an animal's plasma 
as a  culture medium for  rat tissues before immunization.  In this 
way results may be carefully controlled. 
Sarcoma  "brei"  and  defibrinated blood  were  the  tissues  used 
for immunization.  The brei was introduced subcutaneously with a 
Bashford  needle, and the blood injected intraperitoneally. 
The following experiment shows the effect of tumor injections. 
Experiment GPR/xA.--A 400  gm.  guinea  pig  received a  subcutaneous  injec- 
tion of o.6 gin.  of rat  sarcoma brei.  The injection was  repeated nine days  later. 
On the eighth day following the  second injection, plasma was obtained by bleed- 
ing  from  the  carotid,  and  fifteen cultures  of  sarcoma  were  made.  Microscopic 
examination of these during five days of incubation showed no activity whatever. 
There  was  an  early  disappearance  of  the  blood  corpuscles  in  the  preparations. 
The  edges  of  the  pieces  of  tissue  appeared  amorphous  and  granular. 
Experiment  GPR/zB.--(Control.)  Plasma  was  obtained  from  a  45o  gin. 
normal  guinea  pig  for  fifteen  culture  preparations  of  rat  sarcoma,  the  same 
tumor  being used  as  in  the  preceding experiment.  Observations  during  the  six 
days  of incubation  disclosed the usual progressive radial  outgrowth  of  cells. 
These experiments show that the plasma of a  guinea pig treated 
with a sufficient quantity of rat sarcoma is unsuitable to the growth 
of sarcoma cells.  That the reaction,  however, does not  represent 
the effect of a  cytotoxin specific for sarcoma cells  is  indicated by 
the  following experiment in which rat blood was  the immunizing 
agent. 
Experiment GPR/6A.--A 450 gm.  guinea pig received intraperitoneally 5 c.c. 
of  defibrinated  rat  blood.  The  injection was  repeated  eight  days  later.  Eight 
days  after  the  last  injection,  plasma  was  obtained  for  fifteen  cultures  of  rat 
sarcoma.  After  twenty-four  hours'  incubation,  the  majority  of  the  pieces  of 
tissue  looked  quite  inert.  Four  preparations  showed  a  slight  outgrowth  of 
spindle  and  irregularly  shaped  cells,  not  comperable,  however,  to  any  of  the 
growths in the control series of cultures, prepared simultaneously from the same 
tumor  in  plasma  from  a  normal  guinea  pig.  Two  of  the  inactive looking  cul- 
tures  showed on the  fourth  and  fifth days  scattered shoots  of  long clear  spindle 
cells proceeding apparently  from  the  centres  of  the  pieces  of tissue,  an  appear- 
ance  which  suggested  that  the  cells  farthest  removed  from  the  surrounding 
medium  had  survived best.  Such  an  interpretation  would  add  further  support 
to the idea of a well defined antibody reaction.  We have, nevertheless, occasion- 
ally observed this phenomenon,  in routine cultures, where drying or some mechan- 
ical  injury  through  handling  the  tissue,  was  the  most  plausible  explanation. 
These central outgrowths, however, were more frequently encountered in the use 
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The immunized guinea pig used in the experiment set forth above 
was bled again three days later and a  second series of cultures was 
made, with a  control series in plasma from another normal guinea 
pig.  The results obtained were practically identical with those just 
recorded.  These  studies  were  repeated  further  with  two  more 
animals similarly immunized, and the findings were equally conclu- 
sive with regard to the inhibition of growth in plasma from animals 
injected with blood. 
That  hemolysins  are  formed  following  the  injection  of  blood- 
free tissue  of any organ into  animals of a  foreign species,  is  well 
known.  That, conversely, cytotoxins for organ cells are formed-- 
at least to some extent--after injections of blood, has also been re- 
garded by many as probable.  These experiments in tissue cultiva- 
tion give support to this view. 
The appended table gives a  record of tests  for hemolysins in the 
serum  of  rats  and guinea pigs  whose plasma  was  used  for  tissue 
cultivation.  The  rat  sera  were,  of  course,  tested  against  mouse 
corpuscles  and  the  guinea  pig  sera  against  rat  corpuscles.  One 
cubic centimeter of a  2  per cent.  suspension of washed  corpuscles 
was  used  in  each  tube,  and  after  the  addition  of  the serum,  the 
total  quantity was  made up  to  two  cubic centimeters.  The  tubes 
were incubated  for two  hours  at  37 °  C.,  and  the  results  recorded 
TABLE  I. 
Sera.  I : 5.  i  : 20.  z : 5 o.  z : Eoo. 
Hemolysis. [ Hemolysis.  Hemolysis.  Hemolysis. 
Immune  rat  o 
Immune  rat  .............................  I  -]-  -{-  4"  o 
Immune  rat  .............................  ]  -t-  +  o  o 
Normal  rat .............................  o  o  o  o 
Normal  rat  .............................  [  o  o  o  o 
Normal  rat  ...........  ~  o  o  o  o 
Guinea  pig  immunized  with  blood ..........  ]  +  q-  4-  o 
Guinea  pig  immunized  with  blood ..........  -k  -b  4-  + 
Guinea  pig  immunized  with  sarcoma  .......  l  +  q"  q-  -]- 
Guinea  pig  imnmnized  with  sarcoma  .......  I  -b  q-  4-  o 
Normal  guinea  pig .......................  i  q"  o  o  o 
Normal  guinea  pig .......................  -F  o  o  i  o 
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after twelve hours in the ice box.  In all cases the serum was  not 
more than six hours old when tested. 
It is noted that hemolysins were demonstrable in the sera of all 
the treated animals.  The hemolytic contem of the guinea pig sera 
was  generally  the  greater,  as  is  shown  by  the  results  with  the 
weaker dilutions. 
Normal  guinea pig serum in  dilutions  of  I  to  5  hemolyzed rat 
corpuscles, but not in  I  to 20 and higher dilutions.  Hemolysis of 
mouse  corpuscles  by  normal  rat  serum  was  not  observed  in  any 
dilutions. 
SUMMARY. 
I.  Theoretically,  the  method  of  cultivating  tissues  outside  the 
body offers an ideal technique for the demonstration and study of 
cytotoxins. 
2.  Mouse  sarcoma,  which  grows  vigorously  in  the  plasma  of 
normal  rats,  shows  little or no activity in  the plasma of  rats  im- 
munized by mouse sarcoma injections. 
3.  Rat sarcoma, readily cultivated in the plasma of normal guinea 
pigs,  either remains quite  inactive,  or presents  a  feeble growth in 
the plasma of guinea pigs previously treated with  rat  tissues. 
4.  The  inhibition  of growth  in  cultures of  rat  and  mouse sar- 
comata  in  plasma  from  animals  of  a  foreign  species  immunized 
against  these  tissues,  is  due,  in  all  probability,  to  the  action  of 
cytotoxins. 